Background: Sanitation and educational programmes as tactics of the biorational control programme to affect bait performance against German cockroaches have been reported, but these are limited to discussion on the effect of these factors alone. Objective: Investigate the effectiveness of sanitation and related factors on German cockroaches (Blattella germanica) in Iran. Methods: Sticky traps were used to monitor cockroach infestations at three residential buildings comprising of 150 apartment units in the southwest part of Iran. Educational programmes using pamphlets, posters, and lectures to describe the importance of sanitation, exclusion, and low toxic control in biorational control approach was performed in the intervention groups of the surveyed residential buildings. The cockroach index and sanitation rate tables were tools to evaluate the infestation and sanitation. A questionnaire was distributed to collect information on unsanitary factors and occupants' attitudes towards sanitation. Results: There was a significant correlation between infestation and poor sanitation. Furthermore, there was significant correlation between infestation and sanitation in a biorational system. The effectiveness of a comprehensive educational program on the improvement of unsanitary factors such as "dirty and cluttered", "unwashed dishes left at night" and "leftover foods exposed at places" or "food debris" was significant as it reduced upon cockroach infestation. Other relevant effects were also taken into consideration. Conclusion: Sanitation has positive impact in reduction of German cockroach infestation.
There are over 3,500 species of cockroaches worldwide, but only a few species are commonly associated with humans. Three domiciliary species of importance are the German cockroach (Blattella germanica), the American cockroach (Periplaneta americana), and the Oriental cockroach (Blatta orientalis) [1] . The German cockroach is the most common indoor species, especially in housing areas [2, 3] . A potential mechanical vector of human diseases, many pathogenic organisms have been associated with cockroaches. These include poliomyelitis viruses, bacteria, fungi, protozoa, and helminthes [4] [5] [6] [7] . Pai et al. [8] reported cockroaches as potential vectors of nosocomial infections.
Bacteria with antibiotic resistance have been isolated from household cockroaches [9, 10] . In addition, cockroaches might cause household allergy and entomophobia. It has been shown that the incidence of asthma and allergies is greater in people continually exposed to cockroach infestations [4, 11] . Sarinho et al. [12] showed that exposure to cockroaches by children can be considered a risk factor for asthma. Cockroach infestations in households can serve as psychological stressors to the residents [13] . Cockroaches secrete smelly oils that are offensive and can ruin food. They also impart odors to dishes that look clean [14] .
In pest management, sanitation reflects the availability of water, food, and harborage in a particular environment. Thus, removing the three resources can regulate cockroach numbers [15] . Water is the most crucial factor determining the survival of the German cockroaches. According to the study by Stephan [16] , harborage removal is the most disruptive. Sanitation was also reported as a major affecting factor determining the bait performance against German cockroaches [17. 18] . Lee CY and Lee LC [19] reported that the field performance of insecticidal baits on the American cockroach was improved by a better sanitation. However, there was no direct relationship between sanitation rate and the level of infestations. Other studies proved that the availability of food and water [20] and poor sanitation [21] would exacerbate cockroach infestations.
Many researchers have pointed out effectiveness of educational programs on attitude of building occupants toward sanitation [22, 23] . Biorational approach to pest control means having a minimal disruptive effect on the environment and its inhabitants [24] . The strategy of biorational control approach is based on the integration of multiple control strategies. This includes repeated monitoring, sanitation, educational program, and the limited use of pesticides [25] [26] [27] . The present study dealt with determining the effectiveness of sanitation in a biorational system on the infestation of the German cockroach in Iran.
Materials and methods
Sticky traps (Ridsect®, Sara Lee Malaysia, Petaling Jaya) were used as the tools for monitoring cockroach populations in the infested units. The trap catch data was recorded weekly over a seven-day trapping period. The study locations comprised of two student dormitories and a residential building in the southwestern area of Iran. About 25 apartments of the residential building and 125 dormitory units (girls and boys dormitories) were monitored for cockroaches.
Cockroach trap counts were recorded weekly per trap per unit at all study locations. This was defined as the cockroach infestation rate. To evaluate the intensity of infestation (categorized), the cockroach index table was determined for the surveyed residential units, as shown in Table 1 .
To assign rates and to estimate the degree of sanitation of the surveyed units, a sanitation-rating table was designed and modified from Wang and Bennett [23] , as shown in Table 2 .
After assessing the extent of clutter, food, and debris of these places and assigning a rate for cockroach based on Table 2 , the sums of these for each corresponding place was recorded as the sanitation rates. The sanitation rates before and after the educational programs was imputed. A comparison of these sanitation rates and infestation rates at the same places and between pre-and post-educational programs were used to establish the relationship between sanitation and cockroach infestation, and the effectiveness of the educational programs on sanitation at the intervention units. Pamphlets and posters were furnished and distributed, while face-to-face educational interactions and lectures were given and provided for the occupants to support the educational programs as the integral part of the biorational system. A lecture for the students in the intervention sites of the girls' dormitory had also been given. They were students of science departments and in the age group of 18 to 25 years. The importance of sanitation, exclusion, and low-toxic control by gel bait for cockroach control was emphasized. The occupants for other intervention sites were given face-to-face interactions to provide them with the needed guidance on biorational control. Posters and pamphlets were distributed to all occupants in the intervention sites. For the educational programs, emphasis was given on the importance of sanitation. Removing food debris and clutters, immediately emptying indoor trash containers, using plastic bag liners, keeping the lid on for trash containers, washing dirty dishes immediately before retiring, was advised to the occupants during the educational program. To evaluate the effectiveness of the educational programs, the infested unit sites were randomly selected for educational intervention and control treatments.
Questionnaires were distributed among occupants in 88 surveyed units to gather information on unsanitary factors and occupants' attitudes towards sanitation in the study locations. Data was analyzed using Spearman's correlation coefficient, Wilcoxon Signed Ranks test, and Mann-Whitney test, with the help of the SPSS15 software.
Results
Out of 53, 72, and 25 surveyed units of girls and boys dormitories and residential building, 74, 74 and 60% of each units were infested with cockroaches, respectively. Identified cockroaches are shown in Fig. 1 .
The German cockroaches (Blattella germanica) were the most abundant (99.2%), comprising all of the trapped cockroaches (the American cockroach (Periplaneta americana),0.6%, the Turkestan cockroach (Blatta lateralis), 0.2%; and the Oriental cockroach (Blatta orientalis), 0.02%).
The correlation coefficient between the sanitation rates and infestation rates (converted for the cockroach infested units before educational programs at the residential buildings) showed that there was a significant positive relationship (n= 23, Spearman correlation coefficient r s = 0.445, p <0.05) between sanitation rate and intensity of infestation (according to the cockroach index) at the surveyed units (the girls' dormitory) before treatment. The same result was achieved for the residential building (n= 11, r s = 0.636, p<0.05). For the boys' dormitory, the correlation was not significant (n=19, r s =0.36, p >0.05).
The sanitation rate significantly improved (from median 4 to 1) after several educational programs were conducted (z=-1.799, p (1-tailed) =0.036). This was further substantiated by the control group, whereby it did not show significant change after this duration (median=2.5 & 1.5, z-value by Wilcoxon signed ranks test z=-1.59, p=0.112). 
The sanitation rates after educational program was given improved (from median 2 to 1.5 for education versus median 1 to 2 for control) for the residential building. However, this difference was not significant (z= -1.186, p= 0.236). There was no significant difference for sanitation rates (from median 3 to 3) at the boys' dormitory (z= -0.44, p= 0.66). As shown in Table 3 , the difference between the two groups (education and control) was not significant.
Correlation between unsanitary factors related to food, water, and harborage (for cockroach survival), and cockroach infestation for 88 surveyed units and 19 dormitory kitchens were shown in Table 4 . Table 5 shows the details whether hand brooms to clean houses is used or vacuum is not used at all. Table 6 shows the details of using plastic bag linings for trash containers. 
Discussion
The survey on the girls' dormitory and residential building indicated that there was a significant correlation between sanitation (i.e. high rate) and infestation (i.e. high cockroach index). In other words, poor sanitation was associated with the intensity of cockroach infestation. Schal [21] pointed similar result. In this study, there was a positive relationship between poor sanitation and cockroach infestation at the residential building and girls dormitory, but the boys' dormitory showed different result. Lee and Lee [19] reported that there was no direct relationship between poor sanitation and cockroach infestation. In the "boys dormitory", the bathrooms were located inside the units, while in the "girls dormitory", they were outside the units. This different location might affect the correlation between sanitation and infestation at the girls and boys dormitories.
The effects of unsanitary factors, associated with food such as food debris (for the kitchens), leftover foods exposed on the table, as well as unwashed dishes left overnight, contributed to the higher infestation rates (p <0.05) in this study as well as in the study by Lee et al. [20] . Schal [21] substantiated the positive effects of unsanitary factors, such as dirtiness and clutter on cockroach infestation in this study.
Unsanitary factors associated with water such as "accumulated water on the floor" for the surveyed kitchens and "leaking in the plumbing facilities" also had effect (p >0.05) on cockroach infestation in this study. This result agreed with another study by Stephan et al. [16] . This study showed that increased infestation was contributed by the effects of factors associated with harborage for cockroaches such as "clutter", "lack of cleaning of spaces under sedentary furniture", "musty wooden equipment", "occasionally empty trash containers", "trash containers without lids", "do not use plastic bag lining" and "do no tie-up plastic bags before dumping them". This result agreed with the study by Faith et al. [14] . Moreover, the trash containers could act as a food resource for the cockroaches. The positive correlation between "does not vacuum" and cockroach infestation was established and was substantiated by significant effects of high sanitation rate and "dirtiness and clutter" on infestation in this study and another study [29] .
The results for the "girls' dormitory" showed that the educational programs improved the sanitation in the area. Wang and Bennett [23] reported the improvement for sanitation levels in the IPM group after intervention. MacConnell et al. [22] also showed the effectiveness of educational intervention to reduce cockroach allergen.
Educational programs for the "girls dormitory" were comprehensive, including "lectures, face-to-face interaction and distribution of pamphlets, and poster". However, for "residential building" and "boy dormitory", the attention was mostly given on faceto-face interaction, pamphlets and posters. Hence, the comprehensive educational programme for the girls' dormitory was the most effective in improving the attitudes towards sanitation by the occupants.
The field efficacy of poor sanitation (i.e. dirty and severely dirty levels) on cockroach infestation from the survey on sanitation rate and unsanitary factors was revealed. This indicated the importance of sanitation for biorational approach, as stated by Lee and Lee [19] , and Wang and Bennett [23] .
Conclusion
The correlation between unsanitary factors and cockroach infestation indicates that in cockroach control management a lot of attention should be given on the improvement of sanitation. The sanitation rate was associated with cockroach infestation and educational programs. Improving sanitation is an important step for a successful biorational control strategy.
